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A Method for Proportioning Concrete 
for Compressive Strength, Durability 


and Workability 


By A. T. GOLDBECK? and 
J. E. GRAY? 


HE proportioning of concrete is the determina- 

tion of the quantities of water, cement and ag- 
gregates which, when mixed together and properly 
cured, will produce concrete having the desired work- 
ability, compressive strength and durability. While 
up to the present time a great many methods for pro- 
portioning concrete have been advocated, none has 
found general acceptance, because either all of the 
factors which affect concrete design have not been 
taken into consideration or the design method has 
been too complicated for practical use. The method 
of proportioning that is being proposed not only util- 
izes the important factors which affect the design of 
concrete mixes but it likewise makes their applica- 
- tion easy and practical through the utilization of cer- 
tain numerical design relationships which have been 
developed by extensive research. When propor- 
tioned by the present described method the resulting 
concrete will have the required compressive strength, 
workability and durability. 

Although other properties of concrete such as fire 
resistance, impermeability, absorption, beam 
strength, shrinkage, etc., frequently are of import- 
ance, they are not treated in the present discussion. 
The property of impermeability is closely propor- 
tional to compressive strength. Fire resistance de- 
pends upon the thermal properties of the aggregates 


' Engineering Director, National Crushed Stone Association. 
2 Testing Engineer, National Crushed Stone Association. 


* Bulletin No. 7, National Crushed Stone Association entitled, 
in the Proportioning of Concrete for Highways,” by 
oldbec 


e Adequate but not extravagant compressive 
strength, workability and durability are the im- 
portant qualities of most concrete. A remarkably 
simple method of proportioning which will pro- 
duce the desired quality of concrete, irrespective 
of type or gradation of the aggregates, is here 
presented. It is founded on research, is easy to 
use and is dependable and practical. 


and is controlled largely by the coarse aggregate. 
The design of concrete for beam strength is quite a 
seperate subject, for beam strength and compressive 
strength do not always bear the same relationship 
one to the other.* 


FUNDAMENTAL CONCEPTIONS INVOLVED IN 
CONCRETE PROPORTIONING 
Solid Volume 


It is important that certain fundamental concep- 
tions used in the present method of concrete propor- 
tioning be thoroughly understood. The first of these 
is that of “Solid Volume”. The solid volume in a 
given quantity, for illustration a cubic foot of ag- 
gregate, is the volume occupied by the pieces of ag- 
gregate alone and excluding the voids. The remain- 
ing portion is the volume of voids between the pieces 
of aggregate. Or conceived in another way, the solid 
volume of aggregate in a cubic foot of aggregate is 
the volume which the aggregate would occupy if it 
were melted into a solid piece without changing its 
density. The remaining volume, that of air in the 
cubic foot measure, would be equal to the volume of 
voids in the aggregate before it was melted into a 
solid mass. 

The solid volume in a quantity of aggregate may 
readily be calculated. First, the “bulk specific grav- 
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ity” must be known. This is simply the ratio of the 
dry weight of a substance to the weight of an equal 
volume of water. 


(This statement, for simplicity, makes no mention of 
the different kinds of specific gravity or of the precau- 
tions necessary in testing. See Standard Method of 
Test for Specific Gravity and Absorption of Coarse 
Aggregate, A.S.T.M. Designation C127-39 and also 
Standard Method of Test for Specific Gravity and Ab- 
Fine Aggregate, A. S. T. M. Designation 


To illustrate the term “specific gravity” more 
clearly, imagine a quantity of stone introduced into 
a vessel, Fig. 1, previously filled with water up to 
the level of the overflow spout. When the stone, 
weighing W pounds is carefully immersed in the 
water, it displaces a volume of water, (V), equal to 
its own solid volume and weighing W, pounds. 

The weight of water (W,) displaced by the stone 
equals its volume in cubic feet (V) multiplied by the 
weight of a cubic foot of water (62.4 lb.) or W, = 
V X 62.4 |b. 


W WwW 
Then specific gravity = W.=vVx624 7 


Ww 
V = Solid volume of stone (in cu. ft.) weighing 
Sp.Gr. X 62.4 pounds. 
This is a fundamental conception which is largely 
used in concrete design. 


Volume of Concrete is the Summation of the 
Solid Volumes of Its Components 


The volume occupied by a concrete mixture is 
equal to the summation of the solid volumes occu- 
pied by its respective ingredients. This is exactly 
true except for the presence of a small amount of air 
in the mixture which generally may be ignored. Cer- 
tain agents used during the grinding of some cements 
tend to rather greatly increase the air or gas space 
in the finished concrete and their effect would have 


to be taken into account in making calculations for 
volume of concrete. But this is a special problem 
which will not be considered at present. 

To better understand the application of solid 
volume, consider the following practical problem: 

Let it be assumed that someone not familiar with 
modern concrete specifications and design methods 
has specified that the concrete shall be in the pro- 
portions of 1:2:4 by loose volume. The ratio of water 
to cement by volume (W/C) also is specified to be 
8 gal. per sack of cement. The materials are found 
to have the following characteristics: 


Weight per Cu. Ft. (Ib.) Bulk Specific Gravity 


Cement 94 (one sack) 3.14 
Sand 98.0 (loose volume) 2.63 
Stone 95. 2.73 
Water 62.4 (7.5 gal. = 1 cu. ft.) 


Then a batch of concrete containing one sack of cement will pro- 
duce a volume ot concrete calculated as follows: 
Cu. Ft. of Solid 
Volume in a One-sack Batch 


94 
Cement-3 777 x 62. 4 = 0.48 cu. ft. 
2 x 98 
Sand Sara = 1.20 cu. ft. 
4 X 95.6 
Stone 273 Xx 624 = 2.25 cu. ft. 


Water = 1.07 eu. ft. 


Total 5.00 cu. ft. of con- 
crete per sack 
of cement. 

Quantities Required per Cu. Yd. of Concrete 
Cement per cu. yd. = a = 5.4 sacks 
Sand per cu. yd. = 2X54 X 98 = 1058 pounds 
Stone per cu. yd. = 4x54 xX 95.6 = 2066 pounds 
Water per cu. yd. = 8x54 = 43.2 gallons 


The percentage of sand by solid volume in the total 
1.20 

fine and coarse aggregates equals 
34.9 which generally is too little sand for proper 
workability unless the coarse aggregate is large in 
size. This example illustrates why unworkable con- 
crete results with the old-fashioned method of ar- 
bitrary proportioning by volume. Most decidedly is 
this arbitrary method of concrete proportioning not 
advocated. It has no basis of fact to support it and 
its use leads to unworkable concrete, the attempted 
cure for which is to add an excess of mixing water. 


equals 


Water-Cement Ratio Compressive 
Strength Relationship 


In 1918, there appeared in Bulletin 1 of the Struc- 
tural Materials Research Laboratory, Lewis Insti- 
tute, Chicago, entitled, “Design of Concrete Mix- 


| 
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tures” by Duff A. Abrams, a statement of the im- 
portant relationship between the compressive 
strength of concrete and the water-cement ratio. 

Prof. Abrams stated as a result of extensive tests 
that, “With given concrete materials and conditions 
of test the quantity of mixing water used determines 
the strength of the concrete as long as the mix is of 
a workable consistency.” (Note: The italics are 
ours.) 

Unfortunately, very few engineers have realized 
what Prof. Abrams evidently knew about the limita- 
tions of this relationship. They have attempted to 
apply a single average water-cement compressive 
strength relationship to all cements and to all aggre- 
gates, apparently not realizing that different cements, 
different aggregate characteristics and other vari- 
ables also control the compressive strength of con- 
crete to an appreciable extent. 

The fact is that the water-cement compressive 
strength relationship is not a single relationship, but 
is a family of relationships. These various relation- 
ships, expressed graphically are sometimes separated 
to an important extent although paralleling one 
another. They differ because different cements fre- 
quently do have different strengths and also because 
both the fine and the coarse aggregates have a range 
in surface texture, in absorption, shape and chem- 
ical characteristics which may affect the compressive 
strength of the concrete in addition to their effect on 
the water-cement ratio. Briefly, then, there is only 
a general relationship between the water-cement 
ratio and the compressive strength and it is very 
important to note that there are individual and 
specific water-cement ratio compressive strength re- 
lationships for specific materials which can and fre- 
quently do depart from the average water-cement 
ratio compressive strength relationship. The higher 
strengths frequently are obtained with the higher 
water-cement ratios because of the beneficial effects 
of the aggregates. 


Water-Cement Ratio Affects Durability 


The more severe the exposure conditions the less 
should be the water-cement ratio, but this statement 
does not mean that small differences in water, such as 
might be required because of differences in aggregate 
characteristics will surely cause distintegration in 
one case and durability in another under service con- 
ditions. As a matter of fact, it frequently happens 
that the durability of two concretes is the reverse of 
what would be expected from the water-cement ratio 
relationships, due probably to the further influence 


of differences between thermal coefficients, surface 
texture, shape and other characteristics of aggre- 
gates. Only in a general way is durability controlled 
by water-cement ratio. When concrete is subjected 
to severe exposure conditions, it is well to avoid ex- 
cessively high water-cement ratios no matter what 
aggregates are used. 

The method of concrete proportioning hereinafter 
described recognizes the water-cement ratio compres- 
sive strength and durability relationships; it utilizes 
these relationships in a practical manner which is 
simple to apply. 


Effect of Amount of Coarse Aggregate 
in Concrete on Workability 


Obviously, the amount of coarse aggregate in a 
concrete mixture has a most important influence on 
its workability. If the pieces of coarse aggregate 
were located as closely together in a concrete mix- 
ture as they exist when in a stockpile, the concrete 
would have no plasticity or workability for the coarse 
aggregate would be so interlocked that the pieces 
could not turn or move with respect to one another. 
When the pieces are separated by mortar they have 
opportunity for motion. Sufficient separation is 
accomplished by the use of sufficient mortar in the 
mixture and, in general, the greater the volume of 
mortar, the more plastic or workable will be the 
concrete. Obviously, however, since sand has great 
surface area, the greater the quantity of sand above 
that required for workability, the greater will be the 
amount of water required for a given consistency 
and therefore just enough sand to accomplish the re- 
quired workability should be used. One of the funda- 
mental and highly important conceptions, then, in 
the proportioning of concrete for plasticity or work- 
ability is that the necessary film thickness of mortar 
must exist around the coarse aggregate pieces to keep 
them sufficiently separated so that they might move 
relative to one another. This is accomplished in a 
practical manner by using just the right volume of 
dry, rodded coarse aggregate in a unit volume of con- 
crete. 

Before proceeding it is important to have the fol- 
lowing definitions clearly in mind: 


Let b = the solid volume of coarse aggregate in 
"a unit volume of concrete. 
Let b, = the solid volume of coarse aggregate in a 


unit volume of dry, rodded coarse aggre- 
gate. 


Then b/b, is the dry, rodded volume of coarse aggre- 
gate in a unit volume of concrete. (See Appendix 1 


for explanation.) 
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TABLE I 
Dry. Rodded Volume of Coarse Aggregate (Any Type) per Unit Volume of Concrete (b /b,) 
Fine Sand Medium Sand Coarse Sand 
Sten of te, Fineness Modulus of San 
Square Opening Laboratory 
Sieves 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 
Values for b/b, 

#4 to in. 70 69 68 67 66 65 64 
#4 to 1 in. .70 .69 .68 .67 66 .65 
#4 to 1% in. .72 .69 .68 67 
#4 to 2 in. .73 .70 .69 
#4 to 2% in. .78 .76 71 

b/b,, = dry, rodded volume of coarse aggregate per unit volume of concrete. 

b, = solid volume of coarse aggregate per unit volume of coarse aggregate. 

b =,.solid volume of coarse aggregate per unit volume of concrete. 


Note: For concrete pavements or other work in which there should be less mortar than required in the usual structural 
concrete, increase tabulated values of b/b, approximately 10%. 
For concrete especially designed to be compacted by internal vibration under very rigid inspection, increase 
tabulated values of b/b, approximately 15%. 


TABLE II 
Cement Factors (Sacks of Cement per Cu. Yd. of Concrete) Required for 28-Day Compressive Strengths Listed 
Size of #4 to % in. #4 to 1 in. #4 to 1% in. #4 to 2 in. #1 to 2% in. 
Coarse Aggregate 
Slump (in.) 3 6 3 6 3 6 3 6 3 6 
Angular Coarse 40 42 38 40 36 38 35 37 34 36 
Aggregate 
gal. 
Cu. Yd. of Rounded Coarse 
Concrete Aggregate 36 38 34.5 36.5 33 35 32 34 31 33 
2000 4.6 4.9 4.4 4.6 4.2 4.4 4.1 4.3 4.0 4.2 
2500 5.0 5.3 4.8 5.0 4.5 4.8 4.4 4.6 4.3 4.5 
Sacks of 
3000 
28 Day Ficus 5.5 5.8 5.2 5.5 4.9 5.2 4.8 5.1 4.7 4.9 
Compressive; 3500 | percu.yd.| 6.0 6.3 5.7 6.0 5.4 5.7 5.2 5.5 5.1 5.4 
Strength 4000 of 
6.5 5.8 | 6.1 5.7 6.0 5.5 | 5.8 
4500 7.4 6.7 6.3 6.7 6.2 6.5 6.0 6.3 
5000 7.7 8.1 7.3 a 6.9 7.3 6.8 7.1 6.5 6.9 


Note: The 28-day compressive strengths shown are the minimum values to be expected and should be used for design purposes. Labora- 
tory specimens cured under ideal conditions will generally have higher strengths. 


By means of tests on typical materials, the correct Crushed Stone Association and elsewhere and, as 


values for b/b, have been determined. This work 
has been done in the laboratory of the National 


a result, the values for b/b,, given in Table I, 
have been determined as the desirable volumes of 
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dry, rodded coarse aggregate to use per cubic foot of 
concrete. These values vary with the maximum size 
of coarse aggregate and with the gradation of the 
sand, but, for practical purposes of design they may 
be taken as identical for different types of coarse ag- 
gregate. 

Fineness modulus is used as an index of the sand 
gradation and, as usual, it is defined as the sum 
divided by 100 of the total percentages of sand re- 
tained on the following sieves: 


Tyler Series Equivalent Sieves U.S. Stand- 


ard Series 

No. 100 No. 100 
48 50 
28 80 
14 16 
8 8 
4 4 

3 in. 3% in. 


The values for b/b, (i. e. dry, rodded volume of 
coarse aggregate in a unit volume of concrete) given 
in Table I are to be used in proportioning concrete 
mixtures containing any kind of standard coarse ag- 
gregate. 

When the values for b/b, given in Table I are used 
in the manner about to be explained, practically all 
differences in coarse aggregates which will affect the 
proportions are allowed for automatically. That fact 
makes the present method extremely simple to use. 
Thus, stone generally has a greater percentage of 
voids than gravel, but the present method of pro- 
portioning results in just enough extra mortar to fill 
the extra voids. If coarse aggregates are graded dif- 
ferently, thus creating different percentages of voids, 
the method allows for that. If aggregates have dif- 
ferent specific gravities, that difference is taken care 
of also. It seems difficult to conceive of a more prac- 
tical method for taking into account the many dif- 
ferences in coarse aggregates and gradation of fine 
aggregates to the end that concretes of essentially 
equal strength, workability and durability will re- 
sult. 


Determination of Total Water and 
Cement Factor 


Only by tests on concrete made with the particular 
materials to be used can the most accurate determina- 
tion be made as to the necessary proportions. All 
that any concrete proportioning method can do in 
the absence of concrete tests with specific materials 
is to furnish a rather accurate prediction as to the 


-most probable proportions for producing the required 


workability, strength and durability. A very neces- 
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sary part of the preliminary work leading to the 
present method was the performance of numerous 
concrete tests on typical concrete materials. These 
tests have resulted in the setting up of relationships 
(See Table II) between 28-day compressive strength, 
cement factor, slump and total water per cubic yard 
of concrete. 


For the same slump or consistency, the same ce- 
ment factor is used with all standard types! of coarse 
aggregates of the same size to produce a required 
compressive strength. This is a safe and practical 
way of obtaining concrete having a _ required 
strength. Different coarse aggregates of the same 
size will produce only immaterial variations in 
strength when the same cement factor and consist- 
ency are used. This is not true of beam strength, 
however. 


EXPLANATION OF METHOD OF PROPORTIONING 


The foregoing principles and tabulated relation- 
ships which have been established by laboratory tests 
may be utilized for the practical proportioning of 
workable concrete having any desired strength and 
consistency. Briefly, the method involves the follow- 
ing steps: 


1. Use of Tabulated Test Values 


It utilizes laboratory tests on typical concrete ma- 
terials which have: 


(a) Established the volume of coarse aggregate, 
measured dry and rodded, required per unit 
volume of concrete so that when separated by 
the mortar, the concrete will be properly work- 
able. (See Table I, values for b/b,). 


(b) Established the cement factor and total water 
per cubic yard of concrete, for a given strength, 
slump, size and type of coarse aggregate. (See 
Table II.) 


2. Tests on the Particular Materials to be Used 


The values in Tables I and II are used in con- 
junction with the following test values, determined 
for the particular materials to be used. 


*a. Bulk specific gravity of the coarse aggregate 
(A. S. T. M. C127-39) 


*b. Bulk specific gravity of the fine aggregate (A. S. 
T. M. C128-39) 


1In general, by standard types is meant crushed stone, gravel and 
air-cooled blast furnace slag of acceptable weight and physical prop- 
erties. 


* These values are generally known for commercial ag- 
gregates. 
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c. Dry, rodded weight of coarse aggregate (A. S. 
T. M. C29-39) 

-d. Gradation and Fineness Modulus of sand and 
gradation of coarse aggregate (A. S. T. M. C136- 
39) 


e. Assume specific gravity of cement equals 3.14 
or determine the specific gravity. 


3. Preliminary Calculations and Determinations 


a. Calculate solid weights per cubic foot of the ce- 
ment, of the fine and of the coarse aggregates. (bulk 
specific gravity times 62.4 lb.) 

b. Knowing the size of coarse aggregate and fine- 
‘ness modulus of sand, determine from Table I the 
proper value of b/b,. 

c. Calculate the solid volume of coarse aggregate 
per cubic foot of dry, rodded coarse aggregate (b,). 
fia a dry, rodded weight per cu. ft. 
2s solid weight per cu. ft. 

d. Calculate b = b/b, X bo 


e. Knowing the kind and size of coarse aggregate, 
the 28-day strength and slump of concrete desired, 
determine from Table II, the cement factor, and the 
total water in gallons per cubic yard. 


4. Final Calculations of Weights of Materials 
Required per Cu. Yd. of Concrete 


a. Sum up the solid volumes of cement, coarse ag- 
gregate and water. 

b. Twenty seven cubic feet minus the solid volumes 
of cement, coarse aggregate and water equals solid 
volume of sand in a cubic yard of concrete. 

c. Convert solid volumes of cement, sand and 
coarse aggregates to weights using values calculated 
under No. 3a above. 


PRACTICAL EXAMPLE OF METHOD OF 
PROPORTIONING 


Example. It is required to determine the propor- 
tions of crushed stone concrete to have 3500 lb. per sq. 
in. compressive strength at 28 days; 6 in. slump. 


Preliminary Determinations 


Stone 
Size No. 4 to 1% in. 
Specific gravity = 2.72 
Solid weight = 2.72 x 62.4 = 170 lb. per cu. ft. 
Dry rodded weight = 101.3 lb. per cu. ft. 


101. 
b, = ae = 0.596 cu. ft. of solid stone per cu. ft. 


of dry, rodded stone. 


Sand 
Gradation 
Specific gravity = 2.63 Sieves* 
Solid weight = 2.63 x 62.4 3% in. 0 
= 164 lb. per cu. ft. No. 4 1 
8 12 
16 27 
30 48 
50 72 
100 97 


Fineness Modulus 2.57 


* Above sieves are the U.S. Standard equivalents of the Tyler 
sieves. 
Cement 
Specific gravity = 3.14 
Weight per cu. ft. (one sack) = 94 Ib. 
Solid weight = 3.14 X 62.4 = 196 lb. per cu. ft. 


Solid volume per sack -in = 0.48 cu. ft. 


Calculaiion of Proportions from Above Data 


From Table I, for sand having a F.M. of 2.57 and stone of 
No. 4 to 14 in. size, b/b, = 0.72 and therefore: 


b = b/b, X b, = 0.596 X .72 = .429 cu. ft. 
(equals solid volume of stone in a cubic foot of concrete) 


From Table II, Cement = 5.7 sacks 


Water 38 gal. per cu. yd. 
Solid Volumes of Quantities 
Constituent Materials per 
(cu. ft. per cu. yd. Cu. Yd. 
of concrete) 
Cement = 
5.7 sacks X 0.48 = 2.74 cu. ft. = 5.7 sacks 
Stone = 
0.429 X 27 = 11.58 cu. ft. X 170 Ib. =1969 lb. 
Water = 
38 
38 gal. = 75 = 5.07 cu. ft. = 38 gal. 
Total 19.39 cu. ft. = solid volume of ce- 


ment, stone and water in a 
cu. yd. of concrete. 


Sand = 27 — 19.39 = 7.61 cu. ft. X 164 = 1248 lb. 
Percent sand by solid volume of total aggregate 
7.61 
761 + 11.68 = 39.6% 


The proportions thus obtained will give, very 
closely, the kind of concrete desired. The strength 
values tabulated in Table II are the minimum to be 
expected and the actual values obtained may range 
somewhat above these tabulated figures. 

Please note that the weights of fine and coarse ag- 
gregates are for the aggregates in a dry condition. 
If free water exists on the aggregates, its percentage 
must be obtained for each aggregate and the weights 
of aggregates per cubic yard of concrete increased. 
But in that case a corresponding decrease must be 
made in the weight of mixing water used. 
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TABLE III 
Properties of Concrete Having Suitable Strength and Durability for Different Classes of Work 
Size of Expected ‘ 
Slump Coarse 28-day Typical Classes of Work for Which Recommended 
in. Aggregate | Strength 
2-3 #4 to 2 3000 Heavy sections, such as dams, foundations, heavy walls. 
#4 tol 
3-6 #4 to 3% 2500 Unexposed reinforced concrete beams and slabs. 
2-3 #4 to 2 3500 Submerged concrete. 
2-3 #4 to 2 4000 Structures under moderate exposure, concrete subject to intermittent wetting. 
#4 tol 3500 
2-5 #4to1% 4000 Foundation walls, reservoirs, sewers, columns of buildings. 
2-4 #4to1% 4500 Severe exposure at water-line. 
3-6 #4 to 34 4500 Very severe exposure of thin reinforced sections. 
3-6 #4 to2 5000 Concrete for depositing under water. 


NoTE: Use cement factors given in Table IT. 


If the aggregates are dry, they will absorb water 
from the mixture and it is usual to determine the 
amount of absorption by the aggregates in 30 minutes 
and increase the mixing water by the weight of water 
which will be absorbed by the aggregates. A nu- 
merical example of these corrections for water is 
given later. (See page 10.) 

Possibly slight adjustments in the field proportions 
will have to be made after the work is started, but 
if the preliminary determinations and calculations 
have been made correctly, these adjustments will be 
very small in amount. 


WHAT CONCRETES ARE SUITABLE FOR DIFFERENT 
CLASSES OF WorRK? 


In Table III are given the essential characteristics 
of typical concretes suitable for different classes of 
work. 


SUGGESTED SPECIFICATION FOR CONCRETE 
PROPORTIONS 


A specification for concrete proportions may be 
written to best utilize the present method of propor- 
tioning. It permits any standard type of aggregate 
to be used and requires no information regarding 
the aggregates at the time the specification is writ- 
ten. 


Specification for Concrete Proportions 


All concrete shall be proportioned as indicated in the following 


table. 
Cement 
Class Estimated Factor Coarse Maximum 
of 28-day Sacks of Aggregate Slump 
Concrete | Compressive Cement Size Range | (inches) 
Strength (94 lb.) per Square 
cu. yd. Openings 


The concrete shall be proportioned by weight to con- 
tain that particular dry, rodded volume of coarse ag- 
gregate per unit volume of concrete (b/b,) designated 
in Table I for the size of coarse aggregate and fineness 
modulus of the sand to be used on the work. 

Upon written permission from the Engineer minor 
changes in the concrete proportions may be made to 
obtain the desired strength, consistency or workabil- 
ity. Should a change in cement factor be ordered to 
attain the estimated strength, due allowance shall be 
made in the contract price equal to the actual differ- 
ence in cost to the contractor of the aggregates and 
cement. 

Include Table I from page 6 as a part of this speci- 
fication. 


It is intended that the architect or engineer will in- 
sert the required values in the above specification. 
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Table I is a part of the specification. Table II (from 
page 6) should be appended for convenience in 
proportioning: the concrete. 

Let it be emphasized that nothing need be known 
about the concrete materials when writing such a 
specification. Their characteristics need not be known 
until it finally is necessary to determine the concrete 
proportions. At that time the size (to determine con- 
‘formity with the specification), type, dry, rodded 
weight per cubic foot and bulk specific gravity of the 
coarse aggregate and the specific gravity and grada- 
tion of the sand must be known to properly propor- 
tion the concrete. Generally, the specific gravity val- 
ues are already known, leaving only the dry-rodded 
weight of coarse aggregate and gradations of the 
aggregates to be determined. 


ILLUSTRATION OF USE oF ABOVE SPECIFICATION 


It is desired to specify concrete suitable for thin 
reinforced beams and slabs not exposed to the 
weather. The coarse aggregate should be No. 4 to 
% in. in size for this class of work. The other values 
(from Table II) to be inserted in the above specifica- 
tions would be 2500 lb. per sq. in. at 28 days, 6 in. 
slump and 5.3 sacks per cu. yd. The class of concrete 
can be given an appropriate designating number or 
letter. 

Assuming the use of crushed stone as the coarse 
aggregate, the following are calculations which will 
be necessary to determine the proportions in the 
above illustration. 


Preliminary Tests and Calculations 


Characteristics of aggregates and cement to be used: 


Sand 
Specific gravit 
Solid weight o x 62.4 = 165 lb. 
Fineness modulus of sand 2.90 
Stone 
Specific gravity = 2.60 
Solid weight of stone = 2.60 x 62.4 = 162 lb. 
Dry, rodded of stone = 90 |b. 
b, =162 = 9-556 
Cement 
gravity = 3.14 
ight per cu. ft. (1 sack) = 94 lb. 
Solid weight = 3. ne X 62.4 = 196 lb. 
4 
Solid volume = 196 = 0.48 cu. ft. 


Calculation of Proportions 


Cement, from Table II, 5.3 sacks per cu. yd. 
Water, from Table II, 42 gal. per cu. yd. 
b/b, from Table I, for F.M. of 2. 90, 
and No. 4 to 34 in. stone = 0.66 
b, = 0.556, sob = b, X b/b, = 0.556 X 0.66 = 0.367 


Cu. Ft. Quantities per 
Solid Volume Cu. Yd. of 
per Cu Concrete 
Cement, 5.3048 = 2.54 196 = 498 lb. 
Stone, 0.8367 X27 = 9.91 162 = 1605 |b. 
Water, 42/7.5 = 7.5 = 42 gal. 
Total 18.05 
Sand, 27-1805 = 165 = 1477 lb. 


CORRECTIONS FOR MoIsTuRE IN AGGREGATES 


The above are dry weights of sand and stone and 
therefore corrections in the proportions of sand, stone 
and water must be made, depending on the moisture 
conditions of the aggregates on the job. 


1. Both sand and coarse aggregate 
are shipped dry 


If the sand has an absorption at the end of 30 min- 
utes in water of 0.5%, add 0.5% 1477 lb. or 7.4 lb. to 
the weight of the mixing water which equals 


= 0.9 gal. 

If the stone has an absorption of 0.3% at the end of 
30 minutes, add 0.3 1605 lb. or 5 lb. to weight of the 
mixing water, or 0.6 gal. The total increase in mix- 
ing water is then 0.9 + 0.6 = 1.5 gal. per cu. yd. of 
concrete. 


2. Both sand and coarse aggregate are wet 


If the above materials are both wet and have 3% 
of free water on the sand and 1% on the stone, and, 
in addition, 12 absorbed water in the sand and 0.5% 
in the stone, add 4.0% 1477 or 59 lb. to 1477 = 
1536 lb. of wet sand. 

Due to 3% free water on the sand, the weight of 
mixing water must be decreased by 3% X 1477 or 
44 |b. 

Due to 1% free water on the stone, in addition to 
its absorbed water of 0.5%, add 1.5% 1605 lb. or 
24 lb. to the weight of stone, making the total weight 
of stone to be 1605 + 24 or 1629 lb. 

Due to free water on the stone of 1%, the mixing 
water must be decreased by 1‘ 1605 or 16 lb. 

The total gallons per cu. yd. of mixing water, then, 


(44 + 16) 


= 42 — 7.2 = 34.8 gal. 
(Continued on page 20) 
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The Transportation Situation 


By JOSEPH B. EASTMAN 


Director of the Office of Defense Transportation, 
Washington, D. C. 


c INCE appointment to my present position, I 
have made several public talks, like the one I 
am now making. If, by any chance, you may have 
heard or read any of those talks, you will not find 
much that is new in this one. My reason for being 
here today is because the Atlantic States Shippers 
Advisory Board, like all the other Regional Shippers 
Advisory Boards, is an organization which represents 
both carriers and shippers and has for its object the 
promotion of adequate and efficient transportation 
service. A tremendous responsibility rests upon the 
carriers and the shippers of the country, because, in 
contrast with what happened at the time of the last 
World War, the railroads have been left in the hands 
of their private owners and are still privately man- 
aged. Up to date in the present emergency, which 
really began as far back as 1939, they have done 
splendid work; but they have a very hard road 
ahead, and they will need all the help they can get. 
No one can give them better and more effective help 
than the shippers, and I know that the shippers pray 
that the carriers will make good. If, by talks such 
as the one I am now giving, I can in any way con- 
tribute to that cause and spur the carriers and the 
shippers on to pinnacles of effort, time could not be 
better spent. 

Let me give you a picture of the present situation. 
We are at war with half the world. Without trans- 
portation we could not fight at all. In these days 
there is nothing which enters into war, from troops 
to bullets, which is not dependent absolutely on 
transportation. It is the one thing which is not only 
indispensable but all-pervasive, whether it be, for 
example, the transportation of iron ore from the 
mines, the transportation of wheat from the farms, 
the transportation of tank or airplane parts, the 
transportation of troops and their armaments, or the 
transportation of workers to and from the war pro- 
duction plants. Why, in the organization of the War 
Production Board, transportation should be classed 
with “civilian supplies” I have been quite unable to 
comprehend. So long as the machinery of transporta- 
tion is clicking smoothly, it is easy to overlook the 


' Before the Atlantic States Shippers Advisory Board, in Philadel- 
phia, Pa., April 9, 1942. 


e A crisis is undoubtedly approaching in the field 
of transportation. To meet it successfully will 
require the fullest possible cooperation on the 
part of carriers and shippers alike. The follow- 
ing observations by Mr. Eastman should helpfully 
contribute to a better understanding of the situa- 
tion. 


vital part which it plays in the war effort. Once, 
however, it begins to skip and falter at any point, as 
it did not long ago at this very port of Philadelphia, 
we hear about it from every war quarter. 

It is a pleasure to be able to say, as I have already 
indicated, that thus far no industry has functioned 
more admirably in the war effort than the transpor- 
tation industry. One of the reasons is that the lessons 
of the last World War were heeded, and particularly 
the lesson that cars must be kept in circulation and 
not used for storage purposes. Another reason is 
that the carriers have had the support and effective 
cooperation of the shippers and such organizations 
as this Atlantic States Shippers Advisory Board. It 
was because of this close partnership between the 
carriers, including their employees, and the ship- 
pers that the railroads last year set an all-time rec- 
ord for ton-miles carried with about one-third less 
cars than they had in 1929. 

However, I did not come here to pat you on the 
back but to point out the dangers which lie ahead. I 
do not wish to be an alarmist, but let us take account 
of stock. Our country is rapidly accelerating to a su- 
preme effort in production such as has never been 
seen before, any time anywhere. The program in- 
cludes not only enormous stocks of air planes, tanks, 
guns, trucks and all the other implements of war, 
but also the huge flotillas necessary to move the 
troops and their armaments, as well as supplies of all 
sorts for our allies, across the seven seas to the 
theaters of action. Notwithstanding the record 
figures of 1941, there will be much more traffic to 
move in 1942 and still more in 1943. Not only that, 
but the railroads have lost the help of the intercoastal 
and most of the coastwise shipping. A great tonnage 
has been diverted from water to rail. Most of it is 
long-haul traffic, and the end is not yet in sight. Not 
so long ago, tank cars were almost a drug on the mar- 
ket. In November of last year, they were carrying 
about 70,000 barrels a day of oil to the Eastern Sea- 
board. Now they are carrying more than 500,000 bar- 
rels, with a heavy demand for more. This is merely 
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an illustration. All this has imposed a great strain 
on cars and an even greater strain on motive power. 
Ton-miles are increasing at double the rate for car 
loadings. On top of this is the fact that there is a 
heavy and a continually increasing movement of 
troops and their impedimenta and of furloughed men, 
with a new and abnormal trend of traffic over the 
long routes to the Pacific Coast area. 

Looking still further into the future, we see im- 
pending the results of the rubber shortage. While 
the railroads, as I have said, carried more ton-miles 
than ever before in 1941, the trucks carried at least as 
much as 18 per cent additional ton-miles, and much 
of it was the kind of freight that it is most difficult 
for the railroads to carry efficiently and economically. 
Moreover, as you know, the railroads have now 
geared the truck into their own operations. It is 
doing for them all manner of terminal and way-sta- 
tion work which can be done better in that way than 
by rail. If, because of the rubber shortage, the rail- 
roads are ever called upon to move the traffic which 
the trucks now carry, and to do the work which the 
trucks now do, the load which fell upon them from 
the diversion of water-borne freight will seem of 
minor consequence in comparison. 

When it comes to passenger traffic, the rubber-tired 
highway vehicle has for a long time been a far more 
important factor than the railroads in the movement 
of the population. With present equipment the rail- 
roads could not begin to take its place, even if they 
were not faced with the paramount duty of being on 
call at all times to handle the continually increasing 
troop movements. To add to the gravity of the situa- 
tion, many of the great new war production plants 
have been located in main reliance on the private 
automobile as the means of carrying the workers to 
and from their work. 

You may say that the answer to all this is to build 
more cars and locomotives, more barges and more 
pipe lines, and in whatever amounts may be neces- 
sary. That would be an answer, and it is one of my 
principal duties to do everything I can to see to it 
that the carriers get the materials, equipment and 
facilities that they need. But the decision on that 
point lies, not with me, but with the War Produc- 
tion Board. Bear in mind that there is only a limited 
stock of steel and the other critical war materials, 
and of furnaces, manufacturing plants and machine 
tools. The demands of the war production program 
and the ocean shipping program upon that limited 
stock are tremendous, and the War Production Board 
has the extraordinarily difficult task of allocating 


what is available as between those demands and the 
demands of transportation and civilian supplies. 
There is not enough to go around. I fear that the 
Board, in view of the enormous programs for arma- 
menis and ocean shipping, may make the mistake 
of taking a greater chance with domestic trans- 
portation than may be wise. Certainly, you 
may be sure that the carriers will not have 
an abundance of locomotives and cars. They will 
need before long to bring every ounce of their re- 
serve power into play and to make the maximum 
possible use of what they have got. 

The carriers will need the same sort of creative 
imagination, versatility and ability to improvise 
which characterizes modern warfare in the field of 
combat. They will need to operate much more nearly 
as a unit than in normal times, to make cooperation 
the watchword instead of competition, to share not 
only their freight cars but their passenger equipment 
and locomotives, and to pool their resources in many 
instances. I am glad to say that the Department of 
Justice has recognized the need for this and has 
worked out with my Office plans whereby such unity 
of action can lawfully be brought about. As you 
know, some such plans are provided for in my Gen- 
eral Order No. 1, the object of which is to release for 
other uses a large number of the cars which are now 
used in the movement of less-than-carload freight. 
This traffic has accounted for 1% percent of the total 
tonnage, but has been using 20 percent of the car 
supply. Some of you, I know, are doubtful of that 
order, and fear it may not work. Time will tell. We 
believe it will work, and certainly it is clear that it is 
directed to an outstanding case of inefficient use of 
equipment which in these times ought not to be tol- 
erated if there is any possible way of avoiding it. 

Reduced to simple terms, the way to get the maxi- 
mum use out of the freight cars is, first, to load them 
to capacity and, second, to keep them rolling, as fast 
as possible and by reasonably direct routes. The 
figures show that the cars spend more than five times 
as much time in terminals as they do on the road. 
For a considerable part of that terminal time the 
carriers are responsible. A lot of that part is, I know, 
unavoidable, but this may not be true of all of it, and 
with the carriers we aim to explore those operations 
thoroughly. However, the shippers are also respon- 
sible for a very large part of the terminal time. 
Every hour they can save in loading and unloading 
cars increases by that much the ability of the rail- 
roads to serve. The individual hours may seem in- 
significant, but there are millions of shippers, and the 
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sum total result is equivalent to the building of sev- 
eral thousand new cars. The Regional Advisory 
Boards, the Car Service Division of the Association 
of American Railroads, the Bureau of Service of the 
Interstate Commerce Commission, and many com- 
mercial organizations have been doing fine work in 
promoting quick loading and unloading of the cars, 
but they have got to do more. There is still room 
for improvement, and this is true in even greater de- 
gree of the loading of the cars. That, I think, is the 
weakest point right now in shipper performance. The 
time has gone by for the luxury of commercial mini- 
mums and the half-loaded cars, of which there still 
are many. We are at war, and the worst war this 
country has ever fought. It is not too much to ask 
shippers to do their bit by loading these cars to ca- 
pacity, even if it means not only inconvenience but 
sacrifice. We hope to give them some help in the 
form of tariff changes. 

Another thing of great benefit that the shippers 
can do is to spread the load as much as possible over 
the year. The railroads have had to provide equip- 
ment for a peak in traffic demands which, for the 
country as a whole, normally comes each year in the 
month of October. Without that peak, they could 
have got along with less. If the peak cou'd be leveled 
off, that in itself would add materially to railroad ca- 
pacity to serve. There are indications that the peak 
is becoming a plateau, but perhaps it can be reduced 
to something like a plain. Pennsylvania is a State 
which produces a vast amount of coal, both bitu- 
minous and anthracite. If the shippers and con- 
sumers of this coal want to help win the war, they 
will ship and buy and stock all the coal possible in 
the spring and summer months. The coal shipping 
campaigns which were carried on last year in those 
months were of the utmost benefit in enabling the 
railroads to get by the October peak without dif- 
ficulty. This year those campaigns must be inten- 
sified and extended to all other commodities which 
can be carried in stock. 

Of course, it will be necessary, also, to make the 
best possible use of all of the other forms of trans- 
portation, as well as the railroads. So far as freight 
is concerned, that means the water carriers, the 
trucks, and the pipe lines. The intercoastal ships 
have gone, and many of the coastwise ships. The 
barges on the inland and coastal waterways remain. 
They now have some spare capacity. For example, 
the barges on the Mississippi River System can carry 
considerably more traffic southbound. The Water- 
way service can also be expanded, if new towboats 


and barges can be built. The pipe lines can do little 
more than they are now doing, in the absence of new 
construction or reconstruction. Plans of this charac- 
ter are under way or in contemplation which will be 
of help, but they will not help the railroads, because 
the demands upon them for the movement of oil will 
continue to be in excess of their tank-car capacity. 

So far as the trucks are concerned, the shortage of 
rubber and other critical materials stands in the way 
of any new supply. The service which they can pro- 
vide is not an expanding but a diminishing quantity. 
The truck problem—and it stands at the very peak 
of importance—is to keep the existing supply in ser- 
vice as long as possible and to avoid every wasteful 
or unnecessary use. That means, first and foremost, 
the protection of the tires against all avoidable wear 
and tear, similar protection of the vehic'es and gen- 
eral application or the best possible methods of main- 
tenance. To those ends we are working in close co- 
operation with the industry and with other agencies 
of both the Federal and the State governments. But 
we cannot stop there, for it is just as essential to 
eliminate all wasteful use of both vehicles and tires. 

If I were to give you the impression that this is 
something that can easily be done, I would be mis- 
leading you sorely. The trucks are not owned, like 
the railroads, by a comparatively few and generally 
large companies. They have thousands and even 
millions of owners. Through an extensive field force 
which we are creating and with the help of the State 
authorities and of carrier and shipper organizations, | 
and where necessary by appropriate directives, 
we plan to eliminate many empty hauls, much under- 
loading, wasteful transfers of lading and unnecessary 
multiplications of movement in both road-haul and 
pick-up and delivery service. We also plan to shift 
trucks from places of excess supply to locations 
where they are needed, but always with regard for 
the just rights of their owners. 

Speaking very broadly, truck service is more ef- 
ficient and economical for short hauls than railroad 
service, which in turn is more economical for long 
hauls. This being so, there are those who propose 
that definite limits be set to the hauls which each 
of these types of carriers may be permitted to per- 
form. The fact is that this broad rule has many ex- 
ceptions, and disadvantages in cost are often out- 
weighed by advantages in service. Every day, for 
example, the Army and Navy and the war produc- 
tion plants are calling upon trucks for long-haul ser- 
vice where guick and certain service is necessary. It 
is also true that many trucks which operate for long 
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distances carry much more short-haul than long- 
haul freight. It is not a situation where arbitrary 
standards can with any wisdom be applied. There 
are, however, many clear cases which demand ac- 
tion. For example, tank trucks should most cer- 
tainly be used in place of tank cars for short hauls 
of oil and other liquids, and such substitution, I am 
glad to say, is now going on all over the country. 
In this connection, if I may divert for a moment 
from freight to passenger service, let me say a word 
about the bus. There are those who conceive of the 
intercity bus as merely an unnecessary and wasteful 
duplication of railroad passenger service, and urge 
that such buses be taken off the road at once and used 
in carrying workers to and from the great new war 
production plants. It is true that there is waste in 
bus service, just as there is in truck service, and I be- 
lieve that with the elimination of this waste it may 
be possible to release a considerable number of inter- 
city buses for war plant use. But those who regard 
the service which they now provide as a mere dupli- 
cation of railroad service are not weil informed. The 
fact is that the distribution of our population and 
railroad passenger service itself have changed radi- 
cally since the highway automotive vehicle came 
to be, what it now is, the predominant factor in the 
transportation of persons. There are only about 
18,000 buses in intercity service, and of these not 
more than 6,000 are in what may be termed long-haul 
service. They perform a service and meet needs 
which are very different from those which the rail- 
roads are now equipped to perform or meet through 
their passenger trains. This is attested by the fact 
that the railroads now operate many intercity buses 
themselves and have financial interests in companies 
which operate many others. The bus service is in 
large part a local service, often at points not served 
by the railroads, which is greatly needed by our pop- 
ulation, and in addition these intercity buses partic- 
ipate in troop movements, haul a very large volume 
of soldiers, sailors, and defense workers, and are used 
almost exclusively for the movement of selectees 
from their homes to the induction centers. It would 
be a gross error to wipe them out, although, as I have 
already stated, there is considerable present waste in 
their operations which can and must be eliminated. 
Coming back to freight service, with which you 
are chiefly concerned, I hope that I have not painted 


too gloomy a picture, and I do not wish you to think 
that I am prophesying any immediate or near car 
shortage. What I am concerned about is the some- 
what more distant, but not remote, future; and about 
that I am very greatly concerned. Since October 1, 
1939, railroad traffic has, as you know, very greatly 
increased, and there is not a forecaster that I know of 
that does not predict a continual increase for so long 
as the war continues, entirely apart from any effect 
of the rubber shortage. In the same period, since 
October 1, 1939, the number of freight cars which 
the railroads own has increased by only 74,147, or less 
than 5 percent, and there has been an actual decrease 
in the number of locomotives, although the total trac- 
tive effort has increased. The War Production Board 
now proposes to permit the construction in the re- 
maining months of 1942, in addition to the completion 
of equipment already authorized but still under con- 
struction, of 250 steam locomotives, 50 diesel-elec- 
trics, and 18,000 freight cars with wood substituted 
for steel to the extent practicable. 

Notwithstanding the meager additions to equip- 
ment which have been made since 1939 in the face of 
a tremendous increase in traffic, the railroads have 
met all needs, with a few minor and temporary ex- 
ceptions, adequately and efficiently. Every one must 
concede that they have done an outstanding piece of 
work. I know that, regardless of how many new cars 
and locomotives they are permitted to have, they will 
do everything in their power to continue their excel- 
lent performance, drawing upon their reserve ca- 
pacity to the last drop. I know, also, that the ship- 
pers will rally to their support to the full extent of 
their ability. I know, further that the Office of De- 
fense Transportation will do everything in its power 
to help them. 

The new locomotives and cars which the War 
Production Board is proposing for the remainder of 
this year fall far short of what I have believed to 
be necessary for the successful prosecution of the 
war effort. The conversations in regard to this mat- 
ter will continue and I hope that they will eventuate 
in modified conclusions. I say that, however, with 
full appreciation of the fact that the Board is con- 
fronted with a most difficult situation and that my 
particular problem, domestic transportation, is only 
one phase out of many which it must consider. Most 
sincerely I hope that the Board is right and that I am 
wrong, and I know that you, as well as I, will do 
everything that we can do to make them right, if 
they do not modify their present conclusions. 
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Your Car At War 


By PYKE JOHNSON 


President of the Automotive Safety Foundation, 
Washington, D. C. 


HIS is my first talk in my new capacity. That 

it should be made here is doubly pleasant be- 
cause not alone is yours one of the best organized 
councils in the country, but it is led by the man who 
created the Automotive Safety Foundation—Paul G. 
Hoffman. 

So, I feel that I am saying something of personal 
interest to you when I begin by paying tribute to him 
for the magnificent contribution which he has made 
and is continuing to make to the cause of safer and 
better highway transportation. 

Your friend and mine, he is one of those great 
Americans whose lives are a constant inspiration, 
and whose deeds record better than any words, their 
unselfish devotion to the public interest. 

Let me add that his relinquishment of the presi- 
dency of the Automotive Safety Foundation does not 
mean that the organization will lose his leadership 
and counsel. On the contrary, he is needed now 
more than ever before, in his capacity as Chairman 
of the Board, to give stimulus and direction to the 
broad program which the Foundation has undertaken 
to help meet the new and urgent problems imposed 
by war. 


Not New Problems 


Perhaps I should not say new problems. The con- 
servation of life through prevention of accidents; the 
proper care and operation of motor vehicles; the im- 
provement in efficiency of roads and streets—these 
are not new objectives at all. 

Indeed, substantial progress toward their achieve- 
ment has been made in recent years. The encourage- 
ment and backing given to public officials, and the 
timely recognition of community effort through the 
awards given here tonight, are evidences of the 
splendid work of the Indiana Traffic Safety Council, 
among others, toward these objectives. 

Rather, I should emphasize the stark urgency of 
these problems, and the grim necessities for their 
solution which the war has generated. 


1 Presented before Indiana Traffic Safety Council, Indianapolis, 
April 8, 1942. 


e There is a critical shortage in rubber. Stringent 
limitations have been imposed on the manu- 
facture of motor vehicles. Conservation of ve- 
hicles and tires is today’s challenge to all motor- 
ists. How to meet this challenge is compre- 
hensively outlined by Mr. Johnson in the fol- 
lowing discussion. 


No soft words can be used in describing the posi- 
tion which you and I, and all Americans, face today. 


Critical Shortages Face Us 


At the very moment when efficient movement of 
men and materials is most needed, there are critical 
shortages of facilities, both in roads and in rolling | 
stock. 

Our sources of rubber supply have been cut off. 
Our transportation system is inadequate to meet both 
our fuel oil and normal gasoline requirements. The 
creation of a giant war industry has not yet been 
matched by roads equal to the task of transporting 
the new armies of labor and tons of products which 
must move over them. 

And, accidents are claiming the lives of productive 
workers in a period when every casualty is a handi- 
cap to that full mobilization of resourcs which is a 
first prerequisite to victory. 

Meeting these conditions will be no easy job for 
any of us. It can be done. It will be done, of course. 
But, it will require changes in the ways of living of 
all of us, and changes that, to be most effective, 
should begin now. 


Must Conserve Resources 


We must conserve our resources—to the limit. 

If we do not, then not alone may we be left with- 
out that individual transportation which is so much 
a part of our daily lives, but far more important to 
all of us, the war production program will be seri- 
ously affected. 

These are not easy things to say, but unfortunately 
they are all statements which are grounded on solid 
fact. Let me document them: 

1. Passenger caf production in the United States 
was terminated February 10. Assembly lines were 
uprooted to make way for all-out war production. 
In consequence, there is no automobile manufactur- 
ing industry in the United States today, and Amer- 
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ican motorists as a whole are therefore now riding in 
their last cars for the duration of the war, and pos- 
sibly for months thereafter. 


No More Rubber Available 


2. The enemy now controls areas from which 
more than 95 per cent, not alone of our crude rub- 
ber supplies, but those of the United Nations, have 
originated. 

3. The demands for war production for the uses of 
the military forces of the United Nations have been 
stepped up to extraordinary figures, and in their 
production, rubber or its substitutes, are vital. 

4. We have at the moment only the small begin- 
nings of a great synthetic industry which it will be 
necessary to create to meet the demands of this Gar- 
gantuan machine. 

That we have the “know-how” to build this indus- 
try, no one can doubt. 

That it will be built and at a rate of speed exceed- 
ing any past record, is without question. 

Yet, in order to do this job, in order to bring into 
being the capacity for 700,000 tons annually of syn- 
thetic: material now visualized as the government 
war program, the administration must draw upon 
the stockpiles of materials critically needed for other 
war purposes, such as sheared plate steel. 

That means that cargo ships, battleships and other 
instruments of war cannot be built as quickly, so it 
must be evident that under such conditions, only such 
capacity will be built as is essential for war needs. 

That, obviously, does not include synthetic rubber 
for any tires which may not be absolutely needed. 

And so, the conclusion is forced upon us that the 
crude rubber which is still essential to the construc- 
tion of tires will not be forthcoming for ordinary 
uses. 

We must husband the life in our present tires to 
the limit if our motor vehicles are to last out this 
emergency. 


Fuel Depends on Transport 


5. In so far as the gasoline situation is concerned, 
’ there is no shortage of the fuel itself. The problem 
rests upon the loss of those tankers in the two oceans 
which have been a principal means of movement of 
gasoline in the past; in the sharply increased demand 
for fuel oil, which is an essential part of the war pro- 
duction problem, as well as a matter of warmth for 
millions of Americans; and, in the enormous new de- 
mands made upon our land facilities as a result of the 


shift in movement, and in the increase in the war pro- 
gram. 

These drastic limitations imposed by the necessities 
of war, face all of us squarely with a personal trans- 
portation problem that cannot but affect, in intimate 
detail, your lives and mine. 


Nation Geared to Highway Transport 


Suppose we examine this side of the problem for 
a moment. 

For forty years now, America has been building 
an economy geared to individual, personal transporta- 
tion. A few key facts will illustrate the extent of 
this transition. 

Today we have 29,000,000 passenger motor cars in 
the United States. On the basis of studies made by 
the Public Roads Administration, in corporation with 
the several State Highway Departments, these ve- 
hicles for necessity use alone, have carried in the past 
three and one-half times as many billion miles of 
passenger traffic as all other forms of transportation 
put together. 

As the instruments of mass passenger movement 
on the highways we have only 141,000 buses. Of 
these, 93,000 have been used in transporting children 
to and from schools. They are doing a great job but 
they can’t do it all. 

Today, there are more than 45,000 communities 
in the United States which have no railroad trans- 
portation; there are six States which have no 
streetcars within their borders; there are 18,000,009 
people living in rural areas but working in the city. 
of whom most must travel all the way or a large part 
of it by automobile in order to get to their work. 


War Labor Depends on Cars 


And in addition to these sobering facts, it is a mat- 
ter of common observation that in the decentraliza- 
tion of the war munitions industry, vast new require- 
ments for highway transportation have been created 
throughout the United States. 

Today, there are hundreds upon hundreds of thou- 
sands of workers in the war production program who 
can only get to work by automobiles. Six months 
from now; we face the dire possibility that there will 
be serious absenteeism in vital war plants due to 
tire failures. 

Will any American say that this can be allowed to 
happen? 

Under conditions such as these, it must be evident 
that every possible effort must be made to utilize 
the great reservoir of transportation facilities which 
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we have in our far-flung millions of passenger motor 
vehicles. 

We cannot build new units of transportation to 
meet these essential requirements without dipping 
into critically needed stockpiles of war materials. 
We cannot build new housing units without encoun- 
tering the same problem. We cannot impose un- 
necessary loads upon the already burdened facili- 
ties of other forms of transportation. We must make 
the most efficient use possible of existing facilities, if 
we are to carry forward to victory. 


Walk When We Can: Share Cars 


We must walk when we can; we must reorganize 
our lives to make a more efficient use of existing 
transportation facilities; we must share our cars with 
our neighbors where motor vehicle use is necessary. 

These things we must do, first of all, if we are to 
win the war; second, if as individuals and as families, 
we are not to find ourselves cut off from all of our 
present ways of living when our tires fail. 

These things done, our supplies may be eked out. 
Not done, no man can safely say we can escape dire 
consequences. 

How shall we accomplish them? Shall we await 
government edict, with all of the penalties to the in- 
dividual that necessarily follow in the wake of regi- 
mented control? Or, shall we seek to accomplish 
these objectives voluntarily, either because we hap- 
pen to be patriotic Americans, or, if you prefer, be- 
cause we are awake to our own self-interest? 


Country Awake to the Problem 


The evidence in all parts of the country is that 
the public is not waiting; that most individuals and 
communites are alert to their problems; and that they 
are beginning to do something about it. 

In Michigan, for example, a careful case study has 
been made in the city of Pontiac to determine the 
transportation habits of the people. 

Then through the cooperation of the Michigan 
State Highway Department, the public officials of the 
city, the representatives of the city and parochial 
schools, the employers, labor, stores, the transporta- 
tion services, the women’s organizations—even the 
courts—a systematic effort has been undertaken to 
stagger hours, in order to spread out uses of trans- 
portation services; to get people to walk where pos- 
sible; to get neighborhood clubs under way to pro- 
vide for joint use of automobiles. 

This plan has attracted national attention. Much 
more will be heard of it as the days go by, yet it is 


but one of many approaches which are being made to 
the problem everywhere. 

In California, the Automobile Club of Southern 
California, joined by the California State Automo- 
bile Association, the California State Chamber of 
Commerce, the California Newspaper Publishers As- 
sociation, Los Angeles Chamber of Commerce, and 
300 ‘other state and local fraternal, civic and labor 
organizations, industrial defense and commercial en- 
terprises, has launched a five-point drive for victory 
program, directed to the single objective of conserv- 
ing essential transportation. 

In Portland, Oregon, one shipyard has stepped up 
the average number of passengers carried per auto- 
mobile from 1.3 to three persons, with the coopera- 
tion of the workers themselves. 

In western North Carolina, miners have joined in 
converting light trucks into vehicles capable of carry- 
ing ten and fifteen men to work. In other areas, 
workmen have long been swapping rides, operating 
“buddy cars,” and otherwise doubling up on the use 
of the automobile in getting to work. 

In Washington, D. C., government department 
hours have been staggered. 

In still other cities, women’s organizations, work- 
ing with retail stores, are changing their shopping 
habits. 


So the story goes. 


Official Groups Endorse Program 


The American Association of State Highway 
Officials has endorsed a war transportation conserva- 
tion program. The Office of Defense Transportation 
has approved it. The Highway Traffic Advisory 
Committee to the War Department, headed by 
Thomas H. MacDonald, is now developing, in coop- 
eration with ODT, a program which shortly will be 
placed before state and local officials. 

Many national civic organizations are also inter- 
ested and working on the problem. The American 
Automobile Association is urging its members to 
budget their car mileage among other elements in an 
extensive program. The National Safety Council is 
focusing attention upon the “off the job” accident 
program and related traffic problems growing out of 
the war. The General Federation of Women’s Clubs, 
the American Legion, the Kiwanis and Rotary clubs, 
the National Grange and American Farm Bureau 
Federation, hundreds of other groups are taking up 
phases of the conservation program as it affects their 
membership and the American way of life. 


hy 
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Recognizing that these problems were bound to 
arise, and yet themselves pledged to all-out effort in 
building guns, tanks, planes and other equipment for 
the armed forces, the Board of Trustees of the Auto- 
motive Safety Foundation, made up of the top-flight 
executives of the motor vehicle, parts, oil, cement, 
rubber, and the fiance groups in the automotive in- 
dustry, voted to expand and reorganize the Automo- 
tive Safety Foundation. 


Foundation Pledged to Conservation 


For the duration, they have dedicated this organ- 
ization to full cooperation with responsible govern- 
ment officials and national groups with which the 
Foundation traditionally cooperates, to three major 
jobs: 

1. Conservation of man-power through traffic acci- 
dent prevention. 

2. Conservation of the vehicles and the material 
going into their maintenance, or use. 

3. Development of a sound highway program de- 
signed to bring highways up to standards essential 
to war use and to give men useful employment on 
the highways, once the war is over. 

Consequently, when the government officials 
charged with conservation of highway transportation 
called upon the officials of the Foundation for sup- 
port in enlisting public opinion in this major en- 
deavor, the response was immediate. 

We will do all that we can to further this effort. 


Indiana Council Focal Point 


It is as an ernest of that effort on our part that’ 


I am here tonight, not solely, then, to congratulate 
the men and women of Indiana on their great record 
of achievement in the field of safety, but to urge you 
on to new efforts and new responsibilities. 

Obviously, like similar organizations in other 
states, the Indiana Traffic Safety Council is a focal 
point for the drive to enlist support for state-wide 
and community-wide programs for the utmost con- 
servation of our limited war transportation resources. 
Your help is vitally needed. 

May I summarize, briefly, the elements involved 
in this program: 


Elements In Conservation Program 
1. Voluntary reduction in driving speeds. 


2. The need for rigid voluntary limitations upon” 


motor vehicle use. 

3. The need for a more careful use of the vehicle 
‘in such driving as is essential. Every motor club, 
every automobile dealer, every service station, every 


tire dealer, can advise you of ways and means of con- 


‘serving fuel, tires and vehicle. 


4. The need for communal efforts to stagger hours 
of movement, so that the most efficient use may be 
made of all forms of transportation. 

5. The most intensive accident prevention pro- 
grams that can be employed for the conservation of 
life, limb and property in traffic use. We must con- 
serve our factory workers in war production. “Off 
the job” traffic safety programs, such as that devel- 
oped at your own city of South Bend, may do much 
to shorten the war through the saving of every possi- 
ble man-hour of production. 

6. Pooling of car use to the fullest extent possible. 

7. Release of scrap rubber for war purposes. 

8. Dedication of highway funds to roads vitally 
needed for war transportation. 


Traffic Hazards Increased 


Traffic hazards naturally may be expected to de- 
crease in terms of normal exposure. The war emer- 
gency, however, has injected new and dangerous 
elements, such as operate under air raids and black- 
outs, interference with emergency military move- 
ments, increasing age of vehicles, with resultant dan- 
gerous wear on vital parts and an increase in the 
nervous tension and war psychology of drivers. 

Cessation of production of new passenger automo- 
biles and light trucks means that vehicles in use will 
be driven longer. Roads, buses and trucks will be 
called upon for greater service. Tires will be used 
to maximum mileage and replacements will be in- 
creasingly difficult. Loss of service station man- 
power may affect maintenance standards, and the 
frequency of inspections. New demands on police 
and traffic engineering personnel, and the shift of 
experienced men from these to other fields are fac- 
tors which cannot be overlooked. Nor can diminish- 
ing registrations automatically solve the traffic acci- 
dent and traffic control problem. 


Britain's Fatalities Increased by War 
Experience in Great Britain proved that from 1938 
to 1941 vehicle registrations dropped by two-thirds, 
while traffic fatalities, on the other hand, rose from 
6,000 to more than 10,000 in the same period. 
Our own nation experienced a further increase of 
6 per cent in January 1942 traffic fatalities. A de- 
crease of 8 per cent in February from the total of the 
same month in 1941, may be a reflection of fewer 
car miles, but National Safety Council officials warn 
against any feeling of complacency. 
(Continued on page 22) 
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Effective Use of the Assignment 
Procedure in Marketing Agstone 


By P. E. HEIM 


Sales Manager, 
The Carbon Limestone Company, 
Youngstown, Ohio 


N THE beginning of the Agricultural Conservation 

Program the farmers bought their own limestone 
and received a check from the Government at the 
end of the year. In 1940, in our marketing area, 
the materials program was started, whereby a farmer 
was given limestone in lieu of a check. It was in 
this year that we first took assignments. 

The procedure of handling assignments was en- 
tirely new to us; so we worked it out by the trial 
and error method. About ninety percent of the as- 
signments were made directly to us and the balance 
handled by our dealers. All but ten of these were 
on the basis of ninety percent of the amount’ that 
the participating farmer could earn. Our reason for 
taking them this way was that a farmer quite often 
changes his mind at planting time and plants more 
acres than he anticipated when his farm plan was 
made out during the winter. By our not taking the 
assignments for the full amount, we found that the 
ten percent took care of unexpected changes, and did 
not necessitate our having to call an the farmer to 
collect a small balance. In cases where the assign- 
ment did not pay out in full, it was hard to explain 
to the farmer, because he was of the impression that 
the County Committee said “he would not have to 
pay any more.” 

In Pennsylvania we handled the assignments on the 
ninety percent basis, but in Ohio on a seventy per- 
cent basis. The reason for the lower percentage in 
Ohio is that we are located in a section where mar- 
ket gardening is prevalent. This type of farmer can 
over plant his acreage easily and thereby reduce very 
rapidly his expected payment. 

Out of about three hundred assignments in 1940, 
sixteen of the checks were insufficient. The de- 
ficiencies ranged from ten cents to ten dollars and 
twenty-one cents. Ten of the sixteen were on as- 
signments that were made on the basis of 100 per- 
cent of the anticipated earnings. Shortly after 
these assignments were made there was a general 
reduction of ten percent of the money allotted to the 
counties, thus causing the deficiencies in these checks. 


e When the AAA began the purchase of agricul- 
tural limestone under the Grant-of-Aid Program, 
many new and difficult problems were created 
for the commercial producer. Some of these 
have been successfully solved through use of 
the assignment procedure. How it works and 
its advantages are helpfully described by Mr. 
Heim. 


It took several letters and, in many cases, a per- 
sonal call to collect these balances. In some instances 
a second call was necessary before the farmer could 
be found at home or he could be convinced that he 
still owed us money. 

The first checks that we received on the 1940 as- 
signments were in November, with most of them 
coming in January and February. It was about the 
middle of April before all of the checks were re- 
ceived. The delayed payment on assignments makes 
it difficult for small companies to handle very many 
of them. 

In 1941 we had assignments from about six hun- 
dred farmers. We received our first checks in Octo- 
ker, which was about a month earlier than the year 
before. At the end of January, 1942, fifty percent of 
our checks had been received and of these, only one 
failed to settle in full. 

Our agricultural limestone is all marketed through 
dealers. We found that many small dealers do not 
have sufficient capital to carry very many assign- 
ments. There are others who are not too responsible 
financially; and some that do not pay their bills when 
they do receive their money from the Government. 
Because of these factors we had all assignments 
made in favor of our company this past year, and this 
worked out very satisfactorily. 

We found that it was preferable to have the assign- 
ments executed in the county office rather than in 
the field, because the office has complete information 
concerning the farmer’s past record of compliance. 
The personnel of the county office is better informed 
and there is less misunderstanding. At the time an 
assignment was made, a copy was also made on a 
form which we furnished. On this was shown our 
company name, the name and address of the farmer, 
the number of tons of limestone, the amount in 
dollars, and the dealer’s name. This form was given 
to the farmer, who presented it to our dealer, who in 
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turn delivered the material. The dealer turned the 
form in to us for credit at the time of settlement. 

In the beginning we did not charge any interest on 
assignments. Because the farmer making an as- 
signment paid the same as a cash customer, our busi- 
ness rapidiy went to assignments. This was changed 
in 1941 and we charged six percent interest for a 
period from the date the assignment was signed by 
the farmer to the end of the Conservation year, 
which was September 30th. This of course did not 
compensate us for the full time we had to wait for 
our money, but it did in part, and it kept the cash 
buyers from making assignments. 

In 1940 the assignments included the material and 
the trucking charge. The following year the amount 
earned by the farmer for using one ton of limestone 
was reduced, and necessitated our taking the assign- 
ments on a plant price basis, with the farmer paying 
the trucking charge to the dealer. This was a more 
satisfactory arrangement for us, because we did not 
have so much money involved. It was also good for 
the farmers because they could get more tons of 
material; and this they did. The farmer who had a 
little money invested in his limestone really made 
good use of it and did not have to be urged by his 
community committeeman to get it spread. 

Assignments were not used by us as a matter of 
choice, but as a means of remaining in the business 
in a territory in which we have marketed our prod- 
uct for over twenty-five years. We are fortunate 
that our plant is located in a limestone-consuming 
territory, but are unfortunate in that we market in 
two Soil Conservation regions that have different 
specifications for materials. The large part of our 
tonnage is a product known as Ground Limestone, 
which has 100% passing a 10 mesh _ sieve, 
90% passing 20 mesh, 55% passing 60 mesh and 
50% passing 100 mesh. This is kiln dried and 
sold in bulk. It is a little too coarse to meet the 
specifications in the Northeast Region and too fine to 
meet the price competition in the North Central 
Region. We hesitate to change our specifications be- 
cause this grade is well established with the farmers 
in our section; also there is nothing to indicate that 
the present specifications of the Conservation Regions 
will be permanent. 

One objection to assignments is the delay in pay- 
ment. There are some banks that will discount them, 
provided they are secured by a note. If this can be 
done, then this objection is not so serious. Having 
an assignment is no guarantee that you will get your 
money unless the farmer fully complies with the 


program. One of the requirements is that the lime- 
stone must be spread. When this is not done, no pay- 
ment is earned. The manufacturer and the dealer 
can perform their parts of the agreement, but if the 
farmer does not do all that he is required to do, the 
assignment will not be paid or perhaps only in part. 

In my judgment it is more satisfactory to sell lime- 
stone on the materials program if you can, because 
you will get your money quicker and be paid in full 
for the tonnage furnished, regardless of whether the 
farmer carries out his practices 100 percent. When 
this is impossible, the alternative would be the use 
of assignments. 


A Method for isteniliiaidaas Concrete 
(Continued from page 10) 


CONCLUSION 


The present method of concrete proportioning is 
based on the results of laboratory tests. Its appli- 
cation will produce workable concrete of the desired 
strength and durability. By a very simple procedure, 
coarse aggregates of any size, shape or specific grav-. 
ity and fine aggregates of any gradation and specific 
gravity are used in the correct proportions. The in- 
fluence of mixing water on strength and durability is 
not ignored, but is recognized in a practical and 
reasonable manner. 


APPENDIX I 


Explanation of why b/b, = dry, rodded volume of 
coarse aggregate in a cubic foot of concrete. 


Let b, = solid volume of coarse aggregate in a 

cubic foot of coarse aggregate. 

Let b = solid volume of coarse aggregate in a 

cubic foot of concrete. 

Assume two cubic foot measures, one filled with 
concrete, the other with dry, rodded stone. 

Assume the cement, sand and water are removed 
from the concrete, leaving only the coarse aggregate. 
Let its volume, in a dry, rodded condition equal V. 
By definition, its solid volume — b. 

Then V = the solid material plus the voids 
= b + pV where p equals the percentage of voids 
in the dry, rodded stone, 
orb = V(1-p) 

The cubic foot of dry, rodded stone is composed of 
the solid volume of the stone (b,) + the voids, so 

From equations (1) and (2): 


— = V = the dry, rodded volume of stone in a 
P cubic foot of concrete. 


b/b, = 
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The Origin of Aggregates 


By HAROLD S. SWEET 


Research Engineer, 

Joint Highway Resarch Project, 
Indiana State Highway Commission and 
Purdue University 


a grey suitability of various aggregate types for use 
in highways is a question that frequently con- 
fronts engineers. To solve this problem many tests 
have been devised for determining the road making 
properties of aggregates. A knowledge of the geo- 
logical origin, composition, and method of formation 
of the various rock types will enable a better under- 
standing of the highway performance of these aggre- 
gates. 

The naturally occurring mineral aggregates of In- 
diana may be divided into several groups: Crushed 
limestone, predominantly from quarries in the 
Silurian, Devonian, and Mississippian systems; 
gravels of glacial or glaciofluvial origin; river gravels; 
residual gravels; and so-called “tertiary gravels.” The 
first three of these groups are more important for 
materials in higher type roads, but residual gravels 
and tertiary gravels have considerable use in second- 
ary roads. Represented in these aggregates are 
igneous, sedimentary, and metamorphic rocks, the 
three great classifications based on mode of forma- 
tion. ‘ 

The igneous rocks are those rocks that have been 
formed from the solidification of molten matter that 
originated within the Earth. They are termed pri- 
mary rocks since all other types are derived from 
them. There are many subdivisions of this class 
based on mineral composition and size of crystals. 
The more important igneous rocks are basalts (trap 
rocks) and granites. They are desirable aggregates 
since they are usually sound, tough, and resistant to 
abrasion. 

Under the action of weathering and erosion, igne- 
ous rocks are broken down, transported by streams, 
and the fragments are deposited in lakes and seas. 
These deposited sediments form sedimentary rocks. 
The bedrock outcrops in Indiana are all of this class. 
They include limestone, shale, sandstone, conglom- 
erate, and chert. All of the sedimentary rocks have 
wide variations in their properties and in their suit- 
ability as aggregate. Many limestones are excellent 
roadbuilding materials. 


1 eats from “Highway Hints,” Indiana State Highway Depart- 
ment. 


The third class, the metamorphic rocks, is derived 
from the first two groups. Due to heat or pressure, 
or both, the igneous and sedimentary rocks may be 
changed in structure or mineral composition to form 
different rock types. Under metamorphism, lime- 
stone changes to marble; sandstone changes to 
quartzite; shale changes to slate, or if the meta- 
morphism is extreme it changes to mica-schist. 
Granites and other igneous rocks are frequently 
transformed into gneisses. Metamorphic rocks are 
usually durable with the exception of mica-schists. 
These, because of their foliated structure, are suscep- 
tible to splitting. 

The glacial and glaciofluvial gravel deposits fre- 
quently contain a large amount of limestone and 
marble, and smaller amounts of granite, traprock, 
sandstone, quartzite, chert, slate, shale, and ocher. 
The amount of chert, quartzite and igneous rock is 
higher in the river gravels. The residual gravels 
found in creek bottoms of the unglaciated portion of 
the state consist of fragments of the bedrock which 
is underneath. These fragments are usually pieces 
of shale, iron concretions, chert, and quartz concre- 
tions. The tertiary gravels are the remnants of very 
old river channels which have now been abandoned. 
Present drainage has eroded the land surface so that 
these old river beds are now two hundred feet or 
more above the existing creeks. The gravels are 
guite widespread in southern Indiana and consist of 
chert, quartz geodes, and quartzite. 

The Joint Highway Research Project is studying 
the roadbuilding properties of aggregates in order to 
establish more definitely the relationship between 
geological origin, mineralogical composition, physical 
properties, and field performance of the various ag- 
gregate types. 


IDESPREAD concern over loss of state reve- 

nues as a result of war-time restrictions on 
highway transportation is reflected in S. 2580 by 
Senators Russell (D., Ga.) and Maybank (D., S. Car.) 
to reimburse states for losses from gasoline tax reve- 
nues resulting from gasoline rationing. 

The bill would require the Secretary of the Treas- 
ury upon determination of the amount of loss from 
gasoline taxes, to reimburse rationed states for such 
loss as soon as practicable after the end of each calen- 
dar quarter. 
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Your Car at War 
(Continued from page 18) 
The Problem After the War 


It may seem idle to discuss post-war problems 
when our single objective now is to win the war and 
win it as quickly as possible. 

But after all, the American people have objectives 
in fighting this war, and one of them surely is that 
when it is over, the men who have fought it shall not 
starve, nor shall they be brought back to subsist on 
doles. 

There must be employment for them—useful em- 
ployment with all the opportunity for advancement 
that has made America what it is. It is not enough 
to create jobs. The work itself must add to our 
capital facilities. 

One of the largest fields for that employment will 
be found in the need which will exist for a great 
national highway development designed to provide 
the way for safe and efficient highway transportation. 

If the war lasts any length of time, we will have 
even greater deficits in our highways than exist 
today and in our vehicles. Both will not only have 
to be replaced, but replaced in the light of changed 
conditions. 

Today, every penny of highway expenditure must 
ke dedicated to those roads which are essential to 
the war effort, and even then, they probably will 
fall short of maximum requirements. 


Prepare Now for Post-War 


But, if we are to be ready with a program based 
on safety and traffic needs when the war is over, 
then we mus‘ have master plans ready for highway 
improvement, carried forward to the blueprint stage, 
and growing out of factual studies of transportation 
habits such as are contained in the state highway 
planning surveys. 

We must have changed those laws which stand in 
the way of quick acquisition of rights of way where 
needed in the public interest. 

We must be sure that competent highway engi- 
neering organizations, such as we have in the PRA 
and states today, are available to carry forward the 
work. 

We must be sure that every penny of the revenues 
which will accrue from highway use, are allocated 
equitably for maximum return. 

These are large projects of fundamental im- 
portance to the future of America, on which spade 


work must be done now if we are to be ready to 
apply them when peace and sanity return to the 
world. 

All these undertakings are of immediate im- 
portance to the people of Indiana, as well as of the 
United States. 


Fit Into Pattern of Indiana Program 


They fit exactly into the pattern of your program. 
They require the type of understanding and intelli- 
gence which your background gives. They must be 
given popular support to their full accomplishment. 
In essence they are a true and vital expression of 
democracy at work. 

As the representative of those great highway 
transportation industries which today are dedicating 
their full effort to war production, I pledge you our 
full support in whatever you may be able to do to 
help yourselves and America in these fundamental 


This Fiscal Year Total 6,368 Miles 


ESPITE war-time restrictions, 6,368 miles of 

Federal-Aid highway projects had been com- 
pleted during the current fiscal year on May 31. 
These projects cost $188,253,089 of which $99,192,324 
was Federal-Aid. These figures are carried in re- 
ports of the Public Roads Administration. 

There are 5,439 miles of Federal-Aid highway proj- 
ects now under construction, estimated to cost $201,- 
678,594 of which $113,540,681 is Federal-Aid. Ap- 
proved for construction are 979 miles of Federal-Aid 
highways, expected to cost $40,682,688 with Federal- 
Aid supplying $23,758,315. Balance of funds avail- 
able for programmed projects in all the states, the 
District of Columbia, Hawaii and Puerto Rico, totals 
$135,919,182. 

On May 31, 188 highway-railroad grade crossings 
were eliminated by separation or relocation; 59 grade 
crossing structures were reconstructed; and 518 grade 
crossings were protected by signals or otherwise dur- 
ing the current fiscal year. Grade crossing projects 
now under construction total 379, while 276 such 
projects have been approved for construction. Esti- 
mated cost of completed projects totals $25,187,300, 
while those under construction are expected to cost 
$34,477,607 and cost of projects approved for con- 
struction is estimated at $8,698,521. There was a bal- 
ance of $46,280,921 available for programmed grade 
crossing projects. 


Federal-Aid Highways Completed 
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of the 


NATIONAL CRUSHED STONE ASSOCIATION 


These associate members are morally and financially aiding the Association in its efforts to 
protect and advance the interests of the crushed stone industry. Please give them favorable 


consideration whenever possible. 


Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 


Crushing, Screening, Washing, Grinding, 
Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 


American Cyanamid & Chemical Corp. 
Explosives Department 
30 Rockefeller Plaza, New York, N. Y. 
Explosives and Blusting Supplies 


American Manganese Steel Division of the 
American Brake Shoe and Foundry Co. 
389 E. 14th St., Chicago Heights, Ill. 


Manganese Steel Castings, Renewable Lip 
Dippers 


The American Pulverizer Co. 
1249 Macklind Ave., St. Louis, Mo. 


Manufacturers of Ring Crushers and Ham- 
mermills for Primary and _ Secondary 
Crushing : 


Atlas Powder Co. 
Wilmington, Del. 
Industrial Explosives and Blasting Supplies 


Eerle C. Bacon, Inc. 
17 John St., New York City 
Primary and Secondary Crushers, Rolls, 
Screens, Elevators, Conveyors—Complete 
Plants designed and equipped 


Barber-Greene Company 
Aurora, Illinois 
Portable and Permanent Belt Conveyors, 
Belt Conveyor, Idlers, Bucket Loaders 
both Wheel and Crawler Mounted, As- 
phalt Mixers and Finishers, Coal Handl- 
ing Machines 


Erooks Equipment and Mfg. Co. 


408-10 Davenport Road, Knoxville, Tenn. 

“Brooks Load Lugger” (Stone Hauling 
Equipment). DAY Jaw Type Rock Crush- 
ers. DAY Pulverizers, or “Swing Ham- 
mer” Crushers 


C. G. Buchanan Crushing Machinery Divi- 
sion of the Birdsboro Steel Foundry and 
Machine Co. 

90 West Street, New York City 


Primary, Secondary and Finishing Crushers 
and Rolls 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 


Excavating, Drilling and Material Handling 
Equipment 


Cross Engineering Co. 
Carbondale, Pa. 


Screen Plates and Sections, Perforated Plate, 
for Vibrating, Rotary and Shaking Screens 


Deister Machine Company 
1933 East Wayne Street, Fort Wayne, Ind. 


Deister Plat-O Vibrating Screen, Deister 
Compound Funnel Classifier 


Diamond Iron Works, Inc. 
Minneapolis, Minn. 


Rock Crushing, Conveying and Transmis- 
sion Machinery 


E. I. du Pont de Nemours & Co., Inc. 
Wilmington, Del. 
Explosives and Blasting Accessories 


Dymonhard Corporation of America 
250 West 57th St., New York City 
Hard Facing Welding Rods 


Easton Car and Construction Co. 
Easton, Pa. 


Quarry Cars, Truck Bodies and Trailers 
Electric Heaters for Tar, Asphalt or Bitumen 


Ensign-Bickford Co. 
Simsbury, Conn. 
Cordeau-Bickford Detonating Fuse and 
Safety Fuse 


} 
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Frog, Switch & Mfg. Co. 

Carlisle, Pa. 

Manganese Steel Department—Manufactur- 
ers of “Indian Brand” Manganese Steel 
Castings for Frogs, Switches and Cross- 
ings, Jaw and Gyratory Crushers, Cement 
Mill, Mining Machinery, etc., 
Shovel Parts 


General Electric Co. 


1 River Road, Schenectady, N. Y. 
Electric Motors 


Goodyear Tire & Rubber Co. 


Akron, Ohio 

Belting (Conveyor, Elevator, Transmission) , 
Hose (Air, Water, Steam, Suction, Mis- 
cellaneous), Chute Lining (Rubber) 


Gruendler Crusher and Pulverizer Co. 


2915 N. Market St., St. Louis, Mo. 

Rock and Gravel Crushing and Screening 
Plants, Jaw Crushers, Roll Crushers, 
Hammer Mills, Lime Pulverizers 


Hardinge Co., Inc. 


Scrubbers, Pulverizers, Dryers, 
Classifiers, Washers, Thickeners 


Hayward Co. 


50 Church Street, New York City 

Orange Peel Buckets, Clam Shell Buckets, 
Drag Line Buckets, Electric Motor 
Buckets, Automatic Take-up Reels 


Hendrick Mfg. Co. 


Carbondale, Pa. 

Perforated Metal Screens, Perforated Plates 
for Vibrating and Shaking Screens, Ele- 
vator Buckets, Hendrick Vibrating Screens 


Hercules Powder Co. 


Wilmington, Del. 
Explosives and Blasting Supplies 


Illinois Powder Mfg. Co. 


124 N. 4th St., St. Louis, Mo. 
Gold Medal Explosives 


Iowa Manufacturing Co. 
Cedar Rapids, Iowa 


Feeders, 


Steam . 


Rock and Gravel Crushing, Screening, Con- 
veying and Washing Plants, Hot and Cold 
Mix Asphalt Plants, Stabilizer Plants, KU- 
BIT Impact Breakers, Screens, Elevators, 
oo. Portable and Stationary Equip- 
ment. 


STONE ASSOCIATION 


Kennedy-Van Saun Mfg. and Eng. Corp. 
2 Park Ave., New York City 
Material Handling Machinery—Crushers, 
Pulverizers, Vibrating Screens 


Kensington Steel Co. 
505 Kensington Ave., Chicago, Ill. 
Manganese Steel Castings, Dipper Teeth 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 


Keystone Driller Co. 
Beaver Falls, Pa. 
Drills, Power Shovels 


The King Powder Co., Inc. 
‘Cincinnati, Ohio 


Koehring Co. 
3026 W. Concordia Ave., Milwaukee, Wis. 
Mixers, Pavers, Shovels, Cranes, Draglines, 
Dumptors, Traildumps, Mud-Jacks 


Kraft Bag Corporation 
630 Fifth Ave., New York City 
Multi-Wall and Heavy-Duty Paper Sacks, 
both Valve and Openmouth 


Lima Locomotive Works, Inc. 
Shovel and Crane Division 
1108 Lima Trust Bldg., Lima, Ohio 
Power Shovels, Draglines and Cranes 


Link-Belt Co. 
300 West Pershing Road, Chicago, II]. 
Complete Stone Preparation Plants. 
veyors, Elevators, Screens, Washing 
Equipment, Speed-o-Matic Shovels— 
Cranes—Draglines and Power Transmis- 

sion Equipment 


Ludlow-Saylor Wire Co. 
Newstead Ave. & Wabash R. R., St. Louis, Mo. 
Woven Wire Screens and Wire Cloth of 

Super-Loy, Manga-Loy and all commer- 
cial alloys and metals 


Con- 


Mack Manufacturing Corp. 
34st St. & 48th Ave., Long Island City, N. Y. 


Trucks, Truck- Tractors of All Types and 
Capacity, Gasoline or Diesel Power Optional 


Marion Steam Shovel Co. 
Marion, Ohio 
A Complete Line of Power Shovels, Drag- 
lines and Cranes 


McLanahan & Stone Corp. 
Hollidaysburg, Pa. 


MANUFACTURERS’ DIVISION of the 
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The National Supply Co. of Delaware, 
Superior Engine Division 
1401 Sheridan Ave., Springfield, Ohio 
Diesel Engine Equipment 


Nordberg Mfg. Co. 
Milwaukee, Wis. 
Cone Crushers, Vibrating Screens, Diesel 
Engines, Steam Engines, Compressors, 
Mine Hoists, Underground Shovels, Track 
Maintenance Tools 


Northern Blower Co. 
65th St. South of Denison, Cleveland, Ohio 
Dust Collecting Systems, Fans—Exhaust 
and Blowers 


Northwest Engineering Co. 
28 E. Jackson Blvd., Chicago, IIl. 
Shovels, Cranes, Draglines, Pullshovels 


Parsons Engineering Corp. 
3599 E. 82d St., Cleveland, Ohio 


Dust Collecting Systems: Fans, Hoods and 
Blow Piping 


Pioneer Engineering Works, Inc. 
1515 Central Avenue, Minneapolis, Minn. 
Jaw and Roll Crushers, Vibrating and Re- 
volving Screens, Scrubbers, Belt Convey- 
ors, Traveling Grizzley Feeder 


Pit and Quarry Publications 
538 South Clark St., Chicago, Ill. 
Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory, Concrete Manu- 
facturer, Concrete Industries Yearbook 


Robins Conveying Belt Co. 
Passaic, N. J. 
Belt Conveyors, Bucket Elevators, Gyrex 
and Vibrex Screens, Feeders, Design and 
Construction of Complete Plants 


Rock Products 
309 West Jackson Blvd., Chicago, II. 


Ross Screen and Feeder Co. 
19 Rector St., New York City 
Ross Patent Chain Feeders for Feed Control 
of All Sizes Rock, Ores, Gravel, etc. 


Screen Equipment Co. 
9 Lafayette Ave., Buffalo, N. Y. 
SECO Vibrating Screens 


Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, Simplicity 
Simplicity D’watering 
heel 


Smith Engineering Works 

E. Capitol Drive at N. Holton Ave., 

Milwaukee, Wis. 

Gyratory, Gyrasphere, Jaw and Roll Crush- 
ers, Vibrating and Rotary Screens, Gravel 
Washing and Sand Settling Equipment, 
Elevators and Conveyors, Feeders, Bin 
Gates, and Portable Crushing and Screen- 
ing Plants 


Stedman's Foundry & Machine Works 
Aurora, Indiana 
Stedman Impact-Type Selective Reduction 
Crushers 


Stephens-Adamson Mfg. Co. 
Aurora, Illinois 
Complete Stone Preparation Plants, Con- 
veying, Elevating, Screening, Transmis- 
sion Equipment 


W. O. & M. W. Talcott, Inc. 
91 Sabin St., Providence, R. I. 
Belt Fasteners, Belt Lacing, Conveyor Belt 
Fasteners, and Patch Fasteners 


Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 
Manganese and other Special Alloy Steel 
Castings 


The Texas Co. 
135 E. 42nd St., New York City 
Asphalts, Lubricating and Fuel Oils 


The Thew Shovel Co. 
Lorain, Ohio 
Power Shovels, Cranes, Crawler Cranes 
Locomotive Cranes, Draglines. Diesel 
Electric, Gasoline. 3/8 to 2-1/2 cu. yd. 
capacities 


The Traylor Engineering & Mfg. Co. 
Allentown, Pa. 
Stone Crushing, Gravel, Lime and Cement 
Machinery 


Trojan Powder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 


The W. S. Tyler Co. 
3615 Superior Ave., N. E., Cleveland, Ohio 
Wire Screens, Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 


Warren Brothers Roads Co. 
38 Memorial Drive, Cambridge, Mass. 
Complete plants and separate plant units 
for bituminizing all types of stone, sand 
and gravel aggregate paving mixtures 


